Abstract. In order to test the dynamic characteristics of the shock test bed for gun breechblock system expediently, the dynamic model was established based on the virtual prototype technology. The three-dimensional solid model of each part was established and assembled by software Pro/Engineer. Then the whole model was imported into the dynamic software MSC.ADAMS through the interface, Mechanism/Pro, between the two software. Then the constraints, contacts or spring force between each two parts were added in the model according to the relation in practice. The force outside was imposed on the bearing part. After that, the virtual prototype model was established. With the model, simulation was processed and the dynamic characteristics of the parts of the shock test bed were tested under different conditions. The test results show that the model is tallies with the physical prototype and can be used to analyze the dynamic characteristics of the shock test bed parts.
Introduction
The breechblock system is a mechanical system that is used to fire shell and draw out cartridge case. It is composed of gun breech, breechblock, breechblock operating mechanism and other parts installed on the first two parts. It is shown in Fig. 1 . The process of opening breechblock is the main action of the system. That is the breechblock moving down along the inside surface of gun breech. During the process, a spring is pressed and stores up energies of closing breechblock. And the other parts use the motion to complete their own design actions. Being opened, the breechblock falls to the lowest position.
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Fig. 1 Breechblock system composition
However, for a long time, more researches on breechblock system were about theories [1, 2] , methods [3, 4] and technologies [5, 6] , but fewer researches were about tests. For it is hard to develop tests during the firing. As a result, to ensure the tests requirement, a shock test bed for the breechblock system is designed. In order to ensure the safety of test based on the physical prototype, Virtual Prototyping (VP) technology is used to establish the model of shock test bed in this paper, so as to analyze the dynamic characteristics of parts.
The three-dimensional solid model of shock test bed
The three-dimensional solid modeling is the first step of virtual prototype establishment. It is also the basis. For the shape of parts in the breechblock system are complex, it is arduous to complete the solid model establishment by the multi-body dynamics software MSC.ADAMS. As a result, we establish the model of each part and assemble the parts in CAD/CAE/CAM software Pro/Engineering which can realize the parametric design and feature modeling.
The models of parts were established according to X-Y scheme. During the modeling, there were punching, chamfering, cutting and so on. The process was just like producing the part. The shock test bed was composed of more than 70 parts. Some parts are shown in Fig. 2. (b) Breechblock operating cam (c) Crank lever
Fig. 2 The three-dimensional solid model of some parts
After the modeling of parts, we need to fit the parts together according to the physical prototype. Some parts were used two or more times and installed different places, such as nut bolt, carrier ring and so on.
The virtual prototype of the system
After the three-dimensional solid model establishment, the whole model was imported into the dynamic software MSC.ADAMS through the interface, Mechanism/Pro, between the two software. Then the constraints between each two parts were added in the model according to the relation in practice. The constraints included translational, revolute, and fixed. For example, the gun breech is fixed on the ground without motion. The breechblock operating case was translational with the ground. The crank lever is revolute with the gun breech. In addition, contacts or spring force were added between the parts, such as the relation between crank lever and breechblock operating cam.
The contact model is In the model, a force was defined on the breechblock operating case. Then the breechblock operating cam fixed on the case could move along the opposite direction of gun breech to impact crank lever under the force. The motion is shown as an arrowhead in Fig. 3 . At last, the virtual prototype model of the shock test bed was established and shown in Fig. 3 . 
Simulation tests
The breechblock operating case is used to load with mass bodies in practice, so the breechblock operating mass could be changed through varying the numbers of mass bodies. For it is convenient to revise the parameters of the parts in MSC.ADAMS, there is no need to establish the model of mass body. As the whole breechblock operating mass was 50 kg, the simulation experiments were performed based on the virtual prototype model when the breechblock operating force were 2000 N, 2500 N, 3000 N, 3500 N and 4000 N separately. The simulation time is 0.9 s and the step is 0.001 s. Under each condition, the breechblock can be opened by breechblock operating cam. Both the displacement of breechblock and rotation angle of crank lever were tested. The curves under the 2000 N are shown in Fig. 4 .
Fig. 4 Dynamic characteristics of the shock test bed
The characteristic points of the curves are shown in Tab.1. They are the maximum displacement of breechblock and the maximum rotation angle of crank lever. In Tab.1, the theoretical value is the allowable range when the breechblock is opened. The numbers from 1 to 5 express the five conditions. In Tab.1, the maximum displacement of breechblock and the maximum rotation angle of crank lever under five simulation conditions are in the range. Therefore, the virtual prototype model can reflect the dynamic characteristics of physical prototype at a certain extent. It is can be used to analyze the dynamic characteristics of the parts and ensure the safety in physical experiments.
Conclusions
In this paper, the virtual prototype model of shock test bed for breechblock system is established based on dynamic software MSC.ADAMS. The simulation experiments were performed based on the virtual prototype model when the breechblock operating force is 2000 N, 2500 N, 3000 N, 3500 N and 4000 N separately. The dynamic characteristics curves of the parts are tested. The characteristic points of the curves under five simulation conditions are all in the theoretical range. In a word, the virtual prototype model of shock test bed can be used to analyze the dynamic characteristics of the parts before physical experiments.
